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AQUASI-THREE-DIMENTIONALGROUND

MODELFOREARTHQUAKERESPONSE
ANALYSISOFUNDERGROUNDSTRUCTURES

- VerificationoftheModelbyVibrationTests-

地下構造物の地震応答解析のための擬似 3次元地盤モデルの提案

- 模型振動実験による地盤モデルの検証-
* * *
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L Introduction

lnthelatestissueofthisjournall),theauthors

introduced a quasi-three-dimensionalground

modelforearthquakeresponseanalysis,centerlng

onhowtomodelalluvialgroundandhowtoform

matricesfortheequationofmotion.

Inthispaper,theresultsofvibrationtestsusinga

modelgroundputon ashaking tableand the

comparisonoftheresultsbetweentheanalysュsand

theexperimentarereportedfortheverificationof

thegroundmodel.

2. 加IodelandVibrationTests

lnordertoverifytheadequacyoftheground

modelandtoshowitseffectiveness,acomplicated

groundconditionisselecteddelibveratelyforthe

modelground. Photo.1showsthediluvialground

model.Adrownedvalleyisformedwithplasterin

awoodenbox. Thealluviallayercomposedof

acrylicamidgelisformedcoveringOVerdiluvium.

Photo.1 APhotographoftheTestGroundModel

(Thevalleyshapeisformedbyplaster)

*Dept.ofAppliedPhysicsandAppliedMechanics,

hstituteofIndustrialScience,UniversityofTokyo.

Fig.1istheplanofthealluviallayerofthemodel

ground. Thecontourlinesshow thicknessofthe

layer. Neartheupperfreeboundary,thevalley

slopesonbothsidesaresteepandthemaximum

depthis20cm.Whileinthelowervalley,theslopes

onbothsidesaregentleandthemaximum depth

reachesto18cm.

Shearwavevelocityofthegelisabout240cm/

see,therefore.thediluvialformationisconsidered

toberigidincomparisonwiththealluviallayer.

Sincetherigidityofgelisverylow,theamplitude

ofvibrationofthegroundsurfacebecomesfairly
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large NIany target inarks are tticked on the lnode1     3.  Comparison Between the Analysis and the

surface at intersections of the grid of fine rubber

strings set at depth of 3 cm under the surface, in

order to investigate the movements and the modes

of the suriace layer during excitation. In addition,

small-sized accelerometers are also installed in the

ground and on the shaking table.

The model was set on the shaking table an<i

rocked in one horizonal direction, which was perfor'

med in every direction at 15 degree intervals. By

resonance tests, the periods and the modes oI

predominant vibrations were obtained, using oscillo-

grams and photographs.

Frequency-3 .72659 HZ
Par t i c ipa t ion  Fac tor :0 .  13998

Fig 2 Fundamental Natural iVlode of the

Frequency :4 .  30932H Z
Par t i c ipa t ion  Fac tor :0 .  11880

Experiment

in order to verify the proposed mathematical

model, modal analysis on the test ground model was

performed. The following equation was used to

determine the natural periods and vibration modes i
-  _ _ \ . -  -  _ - w
l K l ' l ; , )  a ' ' l M ) ' l | , 1  { r )

rvhere, [K] ; Rigidity matrix v/hich is the sum of

lK,l and [K"] (See Reference 1)

a , Circular frequency

[M] , Mass matrix

tf;l , ltoaur vector matrix

Frequency :4 .24  1  09HZ
Par t i c ipa t ion  Fac tor  -0 .  35030

Fig 3 Second Natural卜 lode of the Analysis

F:∫器:誰計ff:瀞嶋∝807

Analysis

Fig 4 Third Natural Ⅳ Iode of the Analysis Fig.5 Fourth Natural Mode of the Ana\'sis
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valley.

Fig.S shows the second order vibration mode of

the experiment. The vibration of the lower valley is
predominant in both X and Y directions. The

frequency of this mode is 4.40 HZ.

The third mode of the experiment is illustrated in

Fig.9. In this mode, vibration can be seen on the

entire ground surface, and its frequency is 4.94 HZ.

The comparison between Fig.2 and Fig.7 proves

that the fundamental modes of the numerical

analysis and the experiment coincide with each

other. The difference in frequency of the above two

fundamental modes is only 296 as shown in Table l.

These two modal shapes show little discordance.

Taking a look at Fig.3 and Fig.4, one can notice
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The number of nodal points used in the analysis is

110 and that of freedom is 176. The 10 natural

vibration modes in low order were calculated by

Subspace Iteration Method. The consecutive 5 from

the lowest are shown in trig.2 through 6. The sum

of the participation factors (effective mass rations)

of the above 5 modes reaches to 0.84.

Fig.7 shows the sketch of the fundamental mode

of the experiment. The displacement amplitudes of

the target marks were measured using enlarged

phtographs. The frequency of the fundamental

vibration is 3.64 HZ and the vibration of the upper

valley in Y derection is predominant. This mode

appears even when the excitation is carried out in

the direction perpendicular to the axis of the upper

Frequency :4  .  59969H2
Participation F actor :0.21212

Fig 6 Fifth Natural TVIode of the Analysis

Fig.7 Fundamental Predominant Mode
n f  f h o  E  w n a r i m a n t

Fig.8 Second Predominant Mode of the Experiment Fig.9 Third Predominant Mode of the Experiment
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Table 1 Comparison between the Analysis and the

Experiment

Ⅳ10de No

Experiment

(HZ)

Analysis

(HZ)

Error
( % )

l 3 64 3 72 2 2

2 4 40 4 24

3 4 94 4 60

that the shapes of the second and third modes of

the analysis resembie each other. Their frequencies

are also close ; 4.24 and 4.3I HZ. A further

comparison bets'een these two modes and the

second mode of the experiment suggests that the

characteristics of the latter can be located in the

middle of those of the former. Since the participa-

tion factors of the second and the third modes of the

analysis are 0.11B and 0.350 respectivell', they are, as

a matter of course, expected to appear predominant-

l r :  i n  f h e  e w n e r i m e n t

The fourth natural vibration of the analysis was

not observed in the experiment. This is attributed

to the fact that the participation factor of this mode

is so small as to 0.018.

The third predominant vibration of the experi-

ment has a resemblance to the fifth natural vibra-

tion of the analysis. Their frequencies are 4.94 HZ

and 4.60 HZ respectively. This mode appears in the

experiment because its participation factor is 0.212,

which is relatively large.

Considerations on the differences in mode and

frequency are as follows.
( t ) The differences in the fundamental vibration

mode at the left corner near the upper free

boundary of the ground model may result from

the difficulty in sipulating the free boundary

condition by the numerical analysis.

( 2 ) Within the frequency domain of lower order

vibrations, the state of vibrations of the model

ground varies gradually corresponding to the

excitation frequencies. This is caused because

生 産 研 究

three dimensional structure of the alluvial

ground is constituted by the complicated plane

geometry and the thickness which gradually

varies from place to place. Then in some cases,

it is not so easy to define the natural vibrations

strictly in resonance tests.

( 3 ) The mesh of the numerical anaiysis is not so

fine as to be enough to represent the shape and

the fixed condition of the valley. However, the

simulations by the numerical analysis showed

satisfactory agreements with the results of the

experiment.

4. Conclusions

In lhic naner thc veri f icat ion of the method

proposed by the authors to model alluvial ground

for earthquake response analysis rvas carried out,

comparing the modes of the analysis with those of

the vibration test. The results of the comparison

are summarized as follows .

( 1) The vibration test on the complicated alluvial

ground model was carried out.

( 2 ) The modes and frequencies of lower order

natural vibrations of the test model were

ana lyzed.  us ing  the  mathemat ica l  mode l

proposed by the authors.

( 3 ) Even when the mesh is relatively rough, the

results of the experiment v/ere able to be

simulated by the proposed method.

( 4 ) The method proposed by the authors is

applicable for practical use in simulating

dynamic behavior of alluvial ground for earth-

quake response analysis of underground struc-

tures. (N{anuscriptreceived, November20,1986)
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